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ABSTRACT

BACKGROUND/OBJECTIVES: Sleep duration and diet quality are reportedly associated with 
the risk of diabetes. This study aimed to examine the risk of diabetes according to sleep 
duration and diet quality in middle-aged Koreans.
SUBJECTS/METHODS: Using the Korea National Health and Nutrition Examination Survey 
2019–2020, raw data from 2,934 participants aged 40–64 yrs (1,090 men and 1,844 women) 
who were not diagnosed with type 2 diabetes were analyzed. With a sleep duration of 7–7.9 h 
per night as the referent category, diet quality was assessed using the Korean Healthy Eating 
Index (KHEI), which comprises adequacy, moderation, and energy balance.
RESULTS: The study results showed that individuals with a short sleep duration had 
significantly higher blood glucose (P = 0.034) and HbA1c levels (P < 0.001) than those had by 
individuals with a sleep duration of 7–7.9 h. Within the group with a sleep duration of 7–7.9 h, 
the lowest quintile of the KHEI score had a significantly higher risk of prediabetes than that 
had by the highest quintile of the KHEI score (Model 1: odds ratio [OR], 1.775; 95% confidence 
interval [CI], 1.072–2.939; P < 0.05 and Model 2: OR, 1.731; 95% CI, 1.040–2.882; P < 0.05).
CONCLUSION: Our findings suggest that achieving the sleep duration of 7–7.9 h and eating good 
diet are associated with the lowest risk of prediabetes. We recommend that the results of this 
study be used to educate adults aged 40–64 yrs on diet and lifestyle habits to prevent diabetes.
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INTRODUCTION

Insufficient sleep duration has been reported to increase the risk of various chronic diseases 
such as cardiovascular diseases, type 2 diabetes, obesity, hypertension, and metabolic 
syndrome [1-5]. Moreover, according to Svensson et al. [6], sleep duration has a J-shaped 
relationship with all-cause mortality risk that varies by age and sex. While there is a growing 
emphasis on the importance of sleep for health outcomes, sleep disorders and deprivation 
are increasingly prevalent under the influence of social factors, such as globalization, 
technology, and public policy [7].
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The National Sleep Foundation [8] recommends an adequate sleep duration of 7–9 h for 
young adults and adults, and the Center for Disease Control and Prevention also suggests a 
minimum of 7 h sleep per night for adults [9]. However, insufficient sleep is common among 
Koreans, as the mean weekday sleep duration for Korean adults aged 19 yrs and above is 6.7 h, 
which is below the recommendations [10]. The prevalence of diabetes has been continuously 
increasing among Koreans. In 2020, the prevalence of diabetes among Korean adults aged 
30 yrs and above was 16.7%, marking a significant 41.5% increase from 11.8% in 2012 [11]. In 
addition, 44.3% of this population had a prediabetic status, with prevalence rates of 30.5%, 
40.7%, 50.6%, 49.6%, and 49.6% among individuals in their 30s, 40s, 50s, 60s, and 70s and 
above [11]. As the risk of diabetes and pre-diabetes increases among adults, an in-depth study 
is needed to identify risk factors associated with diabetes in adults aged 40 yrs or older who 
are at risk of pre-diabetes and type 2 diabetes [12].

The significant role of sleep in glycemic control and metabolism has been largely reported. 
Since the findings of Spiegel et al. [13] in 1999 regarding the negative impact of sleep debt on 
carbohydrate metabolism and endocrine function, many studies have reported a U-shaped 
relationship between sleep duration and type 2 diabetes [14-16]. Although the mechanisms 
underlying the relationship between total sleep duration and type 2 diabetes have not been 
fully elucidated, glucose tolerance and tryptophan concentration have been reported to 
decrease with sleep debt, whereas evening cortisol secretion increases, leading to increased 
insulin resistance [13]. Furthermore, sleep deprivation alters the metabolism of adipose 
tissue because sleep curtailment reduces Akt phosphorylation in adipocytes, indicating 
insulin resistance [17].

The effect of diet on sleep has also been reported. Short sleep duration has been shown to be 
associated with increased total energy and fat intake, while evidence of associations between 
short sleep duration, reduced fruit consumption, and a lower quality diet remains limited 
[18]. Furthermore, regarding the interrelationship between sleep, diet, and glycemic control, 
the dietary composition affecting glycemic control is also related to sleep, suggesting that 
dietary manipulations, particularly regarding carbohydrate quality, can aid sleep [19]. The 
relationship between sleep and diet is very complex, with multifaceted effects on glucose 
metabolism. The regulation of sleep duration can affect the intake of high-calorie and high-
carbohydrate meals, while the quantity and quality of carbohydrate intake can influence 
sleep [20,21]. Additionally, a previous study found that the combined effects of diet patterns, 
sleep patterns, and glycated hemoglobin (HbA1c) were related to body mass index (BMI) 
[22]. However, the research needed to draw a consistent conclusion about the effects of 
the relationship between sleep and diet on diabetes-related indicators is insufficient. Since 
studies on the relationship between sleep-diet factors and diabetes have been limited to 
association analyses in patients with diabetes, few studies have examined the relationship 
between sleep-diet factors and prediabetes. Therefore, this study aimed to investigate the 
relationship between sleep duration, dietary quality, and the risk of prediabetes in middle-
aged adults, given the sharp increase in the prevalence of prediabetes.

SUBJECTS AND METHODS

Study population
This study utilized data from 4,828 adults aged 40–64 yrs old among the participants of the 
8th Korea National Health and Nutrition Examination Survey (KNHANES VIII-1,2) (2019–
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2020). The KNHANES is a complex, stratified, multistage probability and cluster survey 
conducted throughout the year, using a rolling method to sample participants representing 
the Korean population. The KNHANES has a cross-sectional design and consists of health 
interviews, examinations, and nutritional surveys. Its details are described in a study by 
Kweon et al. [23]. Among the 4,828 middle-aged adults, data from participants who met the 
following criteria were excluded from the analysis: 1) those with extreme sleep durations 
of less than 3 h or more than 11.5 h on weekdays (n = 263) [24]; 2) those diagnosed with 
diabetes (n = 800); 3) those who were pregnant or lactating (n = 3); 4) those without height 
and weight values (n = 16); 5) those without values for basic demographic variables such 
as age, sex, and residential area (n = 476); 6) those without biochemical index values such 
as blood sugar, HbA1c, and insulin levels (n = 575); and 7) those with unreliable total 
energy intake of less than 500 kcal or more than 4,000 kcal per day (n = 89) [24]. Following 
the exclusion, data from 2,934 people (1,090 men and 1,844 women) were included in 
the analysis (Fig. 1). The 2019–2020 KNHANES was conducted with the approval of the 
Research Ethics Review Committee of the Korea Center for Disease Control and Prevention 
(KCDC) (IRB approval numbers: 2018-01-03-C-A, 2018-01-03-2C-A), and all participants 
provided informed consent.

General measurements
Sociodemographic variables, such as age, sex, education level, occupation, and household 
income, were assessed using a self-administered questionnaire. Information regarding 
smoking habits, alcohol use, physical exercise, sleep duration, obstructive sleep apnea, stress 
levels, and subjective health status was obtained through interviews on health and behavior. 
Education level was classified as elementary school, middle school, high school, college or 
higher. Marital status was divided into married and single categories. The occupation was 
classified based on whether an individual was employed or unemployed. Household income 
levels were segmented into four groups: low, middle-low, middle-high, and high. Smoking 
was recorded as current smoker or not (former smoker or never smoked). Alcohol intake was 
noted as either drinking (≥ 1 drink/month in the past year) or not drinking. Physical activity 
was categorized based on intensity and duration: active (engaging in mid-intensity exercise 
for more than 2.5 h per week or high-intensity or mixed intensity exercise for over 1.25 h per 
week, with 1 min of high-intensity equivalent to 2 min of mid-intensity) or inactive, following 
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Study population aged 40–64 yrs
from KNHANES (2019–2020)

(n = 4,828)

Final analysis sample
(n = 2,934)

Exclusion criteria (n = 2,222)
• Extreme sleep durations < 3 h or > 11.5 h (n = 263)
• Diagnosed with diabetes (n = 800)
• Pregnant or lactating (n = 3)
• Missing anthropometric data (n = 16)
• Missing demographic data (n = 476)
• Missing biochemical index data (n = 575)
• Unreliable energy intake < 500 kcal or > 4,000 kcal (n = 89)

Fig. 1. Flow chart of participant enrollment. 
KNHANES, Korea National Health and Nutrition Examination Survey.



the KNHANES standards set by the KCDC [25,26]. Stress was classified as very high, high, 
low, or rare. Sleep duration was categorized as < 6 h, 6–6.9 h, 7–7.9 h, or ≥ 8 h [24].

Physical measurements and blood analysis
Health status data included variables related to physical examinations and blood tests. BMI was 
calculated as weight divided by height squared (kg/m2) and was used to classify the participants 
into four weight categories: underweight (BMI < 18.5 kg/m2), normal weight (18.5 ≤ BMI < 
23 kg/m2), overweight (23 ≤ BMI < 25 kg/m2), or obese (BMI ≥ 25 kg/m2) [27]. Blood glucose, 
HbA1c, and insulin levels were measured using hexokinase (Labospect 008AS; Hitachi, Tokyo, 
Japan), high performance liquid chromatography (Tosoh G8; Tosoh, Tokyo, Japan), and 
electrochemiluminescence immunoassay (Modular E801; Roche, Mannheim, Germany). The 
homeostasis model assessment of insulin resistance (HOMA-IR) was used to evaluate insulin 
resistance (Fasting Serum Glucose [mg/dL] × Fasting Insulin [μIU/mL]/405) [28]. Prediabetes 
was defined as fasting blood glucose between 100 to 125 mg/dL or 5.7% ≤ HbA1c ≤ 6.4% [29].

Dietary intake and quality assessment
Dietary data were collected through a dietary survey conducted by professional dietitians 
using the 24-h recall method. The food groups were classified into 22 categories according 
to the food group classification criteria provided in the KNHANES guidelines [25], and the 
total food intake and food group intake per 1,000 g of total food intake were calculated. 
The total energy and nutrient intake were estimated from these data using a standard food 
composition table [30]. Evaluations included total daily energy consumption, the proportion 
of calories derived from macronutrients (carbohydrates [CHO], fats, and proteins), and 
nutrient amounts per 1,000 kcal consumed.

The Korean Healthy Eating Index (KHEI), a tool developed by the KCDC, measures 
compliance with national dietary guidelines and assesses dietary lifestyle and quality of 
life in Koreans [31]. The KHEI comprises 14 components across three categories: eight 
components measure the adequacy of consuming recommended foods and nutrients (such 
as breakfast regularity and intake of multi-grains, various types of fruits and vegetables, 
meat, fish, eggs, legumes, milk, and dairy products), three components assess moderation 
in consuming certain foods and nutrients (specifically, the percentage of energy intake from 
sweets and beverages, saturated fats, and sodium), and three components measure the 
balance of energy intake (proper energy intake and the percentage of energy intake from 
CHO and fats). The maximum score for the KHEI is 100, with components related to multi-
grains, fruits, vegetables, CHO and fat energy percentage, and adequate energy intake, which 
is assigned a value of 5 points due to their significance, while other components are valued at 
10 points as outlined in the KNHANES raw data.

Statistical analysis
Statistical analyses were conducted using SAS version 9.4 (SAS Inc., Cary, NC, USA), applying 
a complex survey design that included multistage, stratified, and clustered sampling, along 
with sample weights. Continuous variables such as age, BMI, blood profiles, food group 
intake, total energy consumption, nutrient consumption, and KHEI scores are presented as 
means ± SEs. Categorical variables including sex, education level, occupation, household 
income, alcohol intake, smoking, physical activity, stress, subjective health status, BMI 
category, obstructive sleep apnea, and prediabetes, are expressed as weighted percentages 
and SEs. Differences in sleep duration were compared using χ2 tests and a general linear 
model, and the Dunnett’s test adjusting for age and sex was performed as a post hoc analysis. 
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To examine the association between sleep duration, KHEI score quintiles, and prevalence 
of prediabetes, odds ratios (ORs) and 95% confidence intervals (CIs) were estimated using 
logistic regression models. Age, sex, education level, occupation, household income level, 
perceived stress, BMI, and total energy intake, which exhibited significant differences 
according to sleep duration, were included as covariates. Model 1: Adjusted for age and sex 
in the total participants, or for age in sex-stratified analyses. Model 2: Further adjusted for 
household income, education level, occupational status, stress, BMI, and total energy intake 
in addition to the variables in Model 1. Model 3: Additionally, adjusted for KHEI score within 
sleep duration categories or for sleep duration within KHEI score quintiles, based on the 
adjustments in Model 2. Statistical significance was set at P < 0.05.

RESULTS

General characteristics of the participants
Table 1 shows the sociodemographic characteristics of the participants according to sleep 
duration. The mean age of the participants was 51.25 ± 0.20 yrs in this study, with no 
significant differences between groups. The proportion of women in the ≥ 8 h sleep duration 
group was highest at 61.34%, and the proportion of men in the 6–6.9 h sleep duration group 
was highest at 48.45%, showing a significant difference between the groups (P = 0.010). 
For household income, the proportion of individuals with high income was the highest 
at 44.49% in the 7–7.9 h sleep duration group, and the proportion of individuals with low 
income was the highest at 11.79% in the < 6 h sleep duration group, showing a significant 
difference between the groups (P = 0.001). Regarding education level, the proportion of 
college graduates or higher was highest at 53.66% in the 7–7.9 h sleep duration group, and 
the proportion of individuals with elementary school education or lower was highest at 
8.26% in the < 6 h sleep duration group, showing a significant difference between the groups 
(P < 0.001). Regarding occupational status, the proportion of employed participants was 
highest in the 6–6.9 h sleep duration group at 75.50%, while the proportion of unemployed 
participants was highest in the ≥ 8 h sleep duration group at 39.49%, showing a significant 
difference between the groups (P < 0.001). Regarding subjective health status, the 6–6.9 h 
sleep duration group had the highest rate of good health at 31.33%, and the rate of bad health 
was highest at 17.15% in the < 6 h sleep duration group, showing a significant difference 
between the groups (P < 0.001). BMI was significantly higher in both the 6–6.9 h and < 6 
h sleep duration groups than in the 7–7.9 h sleep duration group (P < 0.001). Obesity was 
highest at 42.63% in the < 6 h sleep duration group, and the normal rate was highest at 
42.78% in the ≥ 8 h sleep duration group. In the ≥ 8 h sleep duration group, the proportion 
of individuals with almost no stress was highest at 15.55%, and in the < 6 h sleep duration 
group, the proportion of individuals with very high stress was highest at 7.75% (P < 0.001). 
The rate of prediabetes was lowest at 47.96% in the 7–7.9 h sleep duration group and highest 
at 60.58% in the < 6 h sleep duration group (P < 0.001). In terms of metabolic indicators, 
fasting glucose levels were significantly higher in the < 6 h sleep duration group (96.95 ± 0.50 
mg/dL, P = 0.034) than in the 7–7.9 h reference group (95.49 ± 0.37 mg/dL). HbA1c levels 
were also significantly higher in both the < 6 h (5.63 ± 0.01%, P < 0.001) and 6–6.9 h (5.61 ± 
0.01%, P < 0.01) sleep duration groups than in the 7–7.9 h reference group (5.57 ± 0.01%). 
Insulin levels and HOMA-IR values did not show significant differences across the groups; 
however, a significant increase in both insulin (9.06 ± 0.62 μIU/mL, P < 0.05) and HOMA-IR 
(2.21 ± 0.15, P < 0.05) was observed in the < 6 h sleep duration group compared to the 7–7.9 h 
reference group (7.64 ± 0.18 μIU/mL and 1.83 ± 0.05, respectively).
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Table 1. General characteristics of the participants according to sleep duration category
Variables Sleep duration Total (n = 2,934) P-value

< 6 h (n = 497) 6–6.9 h (n = 847) 7–7.9 h (n = 941) ≥ 8 h (n = 649)
Age (yrs) 51.84 ± 0.36 51.32 ± 0.30 50.83 ± 0.28 51.31 ± 0.34 51.25 ± 0.20 0.113
Sex 0.010

Male 46.05 (2.52) 48.45 (1.83) 44.27 (1.88) 38.66 (2.15) 44.60 (1.01)
Female 53.95 (2.52) 51.55 (1.83) 55.73 (1.88) 61.34 (2.15) 55.40 (1.01)

Household income 0.001
Low 11.79 (1.65) 6.14 (0.94) 6.28 (0.89) 9.00 (1.40) 7.75 (0.66)
Middle-low 25.08 (2.32) 21.60 (2.00) 19.51 (1.59) 20.09 (1.87) 21.19 (1.11)
Middle-high 28.46 (2.63) 30.55 (2.13) 29.72 (1.91) 34.70 (2.31) 30.81 (1.23)
High 34.67 (2.86) 41.71 (2.54) 44.49 (2.18) 36.21 (2.48) 40.25 (1.62)

Education < 0.001
≤ Elementary 8.26 (1.34) 4.26 (0.69) 3.66 (0.58) 6.56 (1.15) 5.23 (0.46)
Middle school 9.83 (1.56) 5.55 (0.79) 7.62 (1.00) 7.16 (1.14) 7.29 (0.58)
High school 36.73 (2.62) 41.25 (2.02) 35.07 (1.99) 41.45 (2.43) 38.52 (1.29)
≥ College 45.18 (2.74) 48.95 (2.10) 53.66 (2.23) 44.83 (2.52) 48.96 (1.52)

Occupation < 0.001
Unemployed 26.53 (2.17) 24.50 (1.65) 26.66 (1.61) 39.49 (2.12) 30.71 (0.98)
Employed 73.47 (2.17) 75.50 (1.65) 73.34 (1.61) 60.51 (2.12) 73.15 (0.98)

Subjective health status < 0.001
Very good 5.17 (1.21) 4.52 (0.78) 4.31 (0.79) 3.09 (0.73) 4.26 (0.40)
Good 21.16 (2.09) 31.33 (2.00) 29.27 (1.54) 27.72 (2.03) 28.16 (0.90)
Moderate 53.74 (2.65) 53.45 (2.05) 55.59 (1.80) 54.20 (2.25) 54.35 (1.08)
Bad 17.15 (1.91) 10.23 (1.27) 9.79 (1.17) 12.47 (1.55) 11.74 (0.73)
Extremely bad 2.78 (0.70) 0.48 (0.21) 1.03 (0.36) 2.53 (0.75) 1.48 (0.24)

Alcohol intake1) 0.302
Yes 54.26 (2.50) 58.36 (1.91) 53.53 (1.98) 54.70 (2.21) 55.32 (1.07)

Smoking status2) 0.312
Yes 19.67 (2.07) 17.80 (1.59) 16.30 (1.37) 15.16 (1.60) 17.07 (0.83)

Physical activity3) 0.822
Active 45.45 (2.50) 43.00 (1.85) 43.39 (1.90) 44.86 (1.99) 43.94 (1.03)

Body mass index (kg/m2) 24.62 ± 0.20*** 24.05 ± 0.12* 23.68 ± 0.12 23.47 ± 0.15 23.90 ± 0.07 < 0.001
Obesity degree4) 0.003

Underweight 2.91 (0.95) 2.52 (0.55) 3.21 (0.68) 3.63 (0.85) 3.05 (0.67)
Normal 31.33 (2.34) 38.34 (2.02) 39.73 (1.72) 42.78 (2.17) 38.55 (1.03)
Overweight 23.14 (2.30) 23.02 (1.85) 26.86 (1.67) 22.80 (1.93) 24.24 (0.99)
Obese 42.63 (2.65) 36.12 (1.75) 30.20 (1.78) 30.80 (2.09) 34.17 (0.99)

Recognition of stress < 0.001
Very much 7.75 (1.46) 3.09 (0.76) 2.76 (0.59) 3.18 (0.81) 3.79 (0.43)
Much 30.63 (2.57) 23.95 (1.94) 19.88 (1.50) 17.30 (1.59) 22.35 (0.91)
Little 51.10 (2.65) 60.26 (2.09) 66.32 (1.78) 63.97 (2.18) 61.46 (1.12)
Rarely 10.52 (1.65) 12.70 (1.26) 11.04 (1.19) 15.55 (1.70) 12.40 (0.73)

Obstructive sleep apnea 0.138
Yes 0.20 (0.20) 1.20 (0.48) 0.97 (0.41) 0.33 (0.24) 1.37 (0.23)

Prediabetes5) 60.58 (2.84) 56.62 (1.99) 47.96 (1.98) 50.61 (2.13) 53.20 (1.16) < 0.001
Fasting glucose (mg/dL) 96.95 ± 0.50* 96.00 ± 0.38 95.49 ± 0.37 95.28 ± 0.38 95.84 ± 0.22 0.034
HbA1c (%) 5.63 ± 0.01*** 5.61 ± 0.01** 5.57 ± 0.01 5.58 ± 0.01 5.60 ± 0.01 < 0.001
Insulin (IU/mL) 9.06 ± 0.62* 7.84 ± 0.21 7.64 ± 0.18 7.72 ± 0.19 7.96 ± 0.14 0.140
HOMA-IR6) 2.21 ± 0.15* 1.90 ± 0.06 1.83 ± 0.05 1.85 ± 0.05 1.92 ± 0.03 0.077
Values are expressed as % (SE) or means ± SE. All the estimates were produced by the complex sample analysis, using integrated sample weight, to represent 
the Korean population.
P-values were calculated using χ2 tests and a general linear model.
HbA1c, glycated hemoglobin; HOMA-IR, homeostasis model assessment of insulin resistance.
*P < 0.05, **P < 0.01, ***P < 0.001, Dunnett’s test was performed for comparisons between the two groups (reference: 7–7.9 h).
1)Alcohol intake: ≥ 1 drink/month in the past year, yes
2)Smoking status: Current smoker, yes.
3)Physical activity: Practiced physical activity of mid intensity over 2.5 h per week or of high intensity or mid and high mixed intensity over 1.25 h per week (1 min 
of high-intensity physical activity is equal to 2 min of mid-intensity physical activity), active.
4)Obesity degree: Underweight, BMI < 18.5 kg/m2; Normal, 18.5 kg/m2 ≤ BMI < 23 kg/m2; Overweight, 23 kg/m2 ≤ BMI < 25 kg/m2; Obese, BMI ≥ 25 kg/m2.
5)Prediabetes: Fasting blood glucose between 100 to 125 mg/dL or 5.7% ≤ HbA1c ≤ 6.4%.
6)HOMA-IR: Glucose × Insulin/405.



Daily food and nutrient intake of the participants
Table 2 shows the food intake of the participants according to sleep duration. The mean total 
food intake was significantly lower in the < 6 h (1,531.34 ± 34.97 g, P < 0.05) and ≥ 8 h sleep 
duration groups (1,547.99 ± 28.14 g, P < 0.05) than in the 7–7.9 h reference group (1,638.94 
± 26.09 g, P = 0.035). Although most food groups did not show statistically significant 
differences across sleep duration categories, the intake of nuts per 1,000 g of total food 
intake was significantly lower in the < 6 h sleep duration group (3.71 ± 0.50 g) than in the 
7–7.9 h group (5.05 ± 0.68 g, P < 0.01). The intake of plant oil per 1,000 g of total food intake 
was significantly lower in the < 6 h (3.59 ± 0.21 g, P < 0.05) and ≥ 8 h sleep duration groups 
(3.70 ± 0.20 g, P < 0.05) than in the 7–7.9 h reference group (4.26 ± 0.17 g). Additionally, the 
intake of potatoes per 1,000 g of total food intake was significantly higher (26.20 ± 2.56 g, P 
< 0.05) and the intake of milk per 1,000 g of total food intake was significantly lower (46.51 ± 
3.25 g, P < 0.05) in the 6–6.9 h sleep duration group than in the 7–7.9 h reference group (19.83 
± 1.52 g and 55.22 ± 3.26 g, respectively).

Table 3 shows the nutritional intake of the participants according to sleep duration. The 
mean total energy intake was lower in the < 6 h and 6–6.9 h sleep duration groups than in the 
7–7.9 h sleep duration group (P = 0.007). Fat intake per 1,000 kcal was lower in the ≥ 8 h sleep 
duration group than in the 7–7.9 h sleep duration group (P = 0.048). However, we found no 
differences in the intake of other nutrients between the groups.

KHEI of the participants
Table 4 shows the KHEI of the participants according to sleep duration. The total KHEI score 
was significantly lower in the < 6 h, 6–6.9 h, and ≥ 8 h sleep duration groups than in the 7–7.9 
h sleep duration group (P < 0.001). The adequacy and breakfast scores were lower in the < 
6 h sleep duration group than in the 7–7.9 h sleep duration group (P < 0.001 and P = 0.002, 
respectively). Meat, fish, eggs, and legumes score was lower in the < 6 h, 6–6.9 h, and ≥ 8 h 
sleep duration groups than in the 7–7.9 h sleep duration group (P = 0.003).
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Table 2. Food intakes of the participants according to sleep duration category
Variables Sleep duration Total (n = 2,934) P-value

< 6 h (n = 497) 6–6.9 h (n = 847) 7–7.9 h (n = 941) ≥ 8 h (n = 649)
Total food (g) 1,531.34 ± 34.97* 1,576.17 ± 27.56 1,638.94 ± 26.09 1,547.99 ± 28.14* 1,569.04 ± 15.24 0.035
Grain (g/1,000 g total intake) 189.79 ± 5.64 188.95 ± 4.47 185.66 ± 3.99 195.46 ± 5.21 188.22 ± 2.48 0.460
Potato (g/1,000 g total intake) 25.12 ± 3.20 26.20 ± 2.56* 19.83 ± 1.52 25.42 ± 2.50 24.10 ± 1.16 0.068
Sugars (g/1,000 g total intake) 5.79 ± 0.59 5.83 ± 0.48 5.86 ± 0.44 5.35 ± 0.47 5.79 ± 0.24 0.823
Beans (g/1,000 g total intake) 27.67 ± 2.97 28.26 ± 2.39 23.51 ± 1.52 28.96 ± 2.76 26.39 ± 1.26 0.132
Nuts (g/1,000 g total intake) 3.71 ± 0.50** 4.48 ± 0.61 5.95 ± 0.68 4.73 ± 0.83 4.87 ± 0.37 0.060
Vegetable (g/1,000 g total intake) 220.50 ± 6.48 215.27 ± 4.56 211.06 ± 3.89 204.77 ± 5.84 210.35 ± 2.89 0.224
Mushroom (g/1,000 g total intake) 4.46 ± 0.66 4.44 ± 0.61 4.72 ± 0.45 4.43 ± 0.56 4.64 ± 0.31 0.965
Fruit (g/1,000 g total intake) 102.33 ± 6.69 111.59 ± 5.32 103.42 ± 4.18 110.00 ± 5.63 107.91 ± 3.05 0.479
Seaweed (g/1,000 g total intake) 13.34 ± 2.06 20.05 ± 2.79 18.98 ± 1.93 16.36 ± 1.75 17.48 ± 1.12 0.137
Seasoning (g/1,000 g total intake) 23.38 ± 1.18 23.77 ± 0.80 23.61 ± 0.86 23.16 ± 0.77 23.51 ± 0.47 0.952
Plant oil (g/1,000 g total intake) 3.59 ± 0.21* 3.92 ± 0.18 4.26 ± 0.17 3.70 ± 0.20* 3.95 ± 0.10 0.053
Meat (g/1,000 g total intake) 67.75 ± 3.61 64.78 ± 3.11 71.56 ± 3.21 66.48 ± 3.46 68.03 ± 1.74 0.491
Egg (g/1,000 g total intake) 25.78 ± 2.11 24.93 ± 1.27 25.15 ± 1.41 23.98 ± 1.64 25.08 ± 0.81 0.916
Fish (g/1,000 g total intake) 62.34 ± 4.55 64.34 ± 3.28 67.90 ± 2.84 70.89 ± 4.28 65.54 ± 1.78 0.527
Milk (g/1,000 g total intake) 55.03 ± 5.29 46.51 ± 3.25* 55.22 ± 3.26 53.21 ± 4.76 54.13 ± 2.02 0.195
Animal fat (g/1,000 g total intake) 0.15 ± 0.04 0.17 ± 0.04 0.22 ± 0.07 0.12 ± 0.04 0.19 ± 0.03 0.638
Beverage (g/1,000 g total intake) 121.48 ± 8.71 115.45 ± 5.25 119.37 ± 5.08 113.11 ± 7.47 120.66 ± 3.60 0.848
Alcohols (g/1,000 g total intake) 47.16 ± 6.43 50.58 ± 4.91 53.05 ± 4.99 48.85 ± 5.24 48.50 ± 2.74 0.874
Values are expressed as means ± SE. All the estimates were produced by complex sample analysis, using integrated sample weight, to represent the Korean 
population adjusted for age and sex.
P-values were calculated using a general linear model.
*P < 0.05, **P < 0.01, Dunnett’s test was performed for comparisons between the two groups (reference: 7–7.9 h).



Association of sleep duration and total KHEI score with prediabetes 
prevalence
Table 5 presents the ORs for prediabetes prevalence according to sleep duration and the 
quintile of the total KHEI score. Among the total participants, shorter sleep durations) 
were associated with a significantly higher risk of prediabetes compared with the reference 
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Table 3. Nutritional intakes of the participants according to sleep duration category
Variables Sleep duration Total (n = 2,934) P-value

< 6 h (n = 497) 6–6.9 h (n = 847) 7–7.9 h (n = 941) ≥ 8 h (n = 649)
Energy (kcal) 1,839.96 ± 34.87** 1,868.48 ± 24.75** 1,957.12 ± 22.72 1,889.18 ± 29.46 1,870.06 ± 15.26 0.007

% energy of carbohydrate 62.49 ± 0.54 62.13 ± 0.45 61.05 ± 0.42 62.56 ± 0.53 61.76 ± 0.27 0.071
% energy of protein 15.30 ± 0.23 15.29 ± 0.15 15.78 ± 0.15 15.61 ± 0.22 15.51 ± 0.10 0.109
% energy of fat 22.21 ± 0.45 22.48 ± 0.37 23.17 ± 0.36 21.83 ± 0.40 22.73 ± 0.22 0.071

Protein (g/1,000 kcal) 36.64 ± 0.57 36.61 ± 0.37 37.85 ± 0.36 37.19 ± 0.46 37.20 ± 0.23 0.080
Fat (g/1,000 kcal) 23.70 ± 0.49 24.03 ± 0.38 24.69 ± 0.37 23.19 ± 0.41** 24.26 ± 0.23 0.048
Carbohydrate (g/1,000 kcal) 151.30 ± 1.50 150.45 ± 1.30 147.82 ± 1.24 151.40 ± 1.50 149.83 ± 0.75 0.152
Total dietary fiber (g/1,000 kcal) 15.12 ± 0.26 15.47 ± 0.24 14.76 ± 0.19 14.78 ± 0.23 15.00 ± 0.13 0.081
Sugar (g/1,000 kcal) 34.10 ± 0.91 33.18 ± 0.72 32.10 ± 0.57 32.82 ± 0.79 33.23 ± 0.40 0.236
Calcium (mg/1,000 kcal) 290.69 ± 7.11 275.30 ± 5.22 282.84 ± 4.97 273.83 ± 5.85 281.21 ± 2.93 0.223
Phosphorus (mg/1,000 kcal) 573.29 ± 6.85 572.99 ± 5.53 585.25 ± 4.93 574.70 ± 6.31 578.40 ± 3.23 0.315
Iron (mg/1,000 kcal) 5.25 ± 0.11 5.25 ± 0.09 5.21 ± 0.09 5.10 ± 0.11 5.21 ± 0.05 0.704
Sodium (mg/1,000 kcal) 1,805.30 ± 39.37 1,781.39 ± 27.39 1,807.74 ± 27.27 1,791.97 ± 37.07 1,789.89 ± 16.90 0.892
Potassium (mg/1,000 kcal) 1,568.91 ± 23.28 1,585.91 ± 23.32 1,543.03 ± 18.03 1,544.88 ± 21.50 1,563.29 ± 11.71 0.450
Vitamin A (ugRAE/1,000 kcal) 223.47 ± 8.22 212.12 ± 6.15 219.7 ± 5.81 209.27 ± 6.74 218.00 ± 3.68 0.437
Thiamin (mg/1,000 kcal) 0.627 ± 0.02 0.61 ± 0.01 0.62 ± 0.01 0.60 ± 0.01 0.61 ± 0.01 0.239
Riboflavin (mg/1,000 kcal) 0.869 ± 0.02 0.86 ± 0.01 0.86 ± 0.01 0.84 ± 0.01 0.86 ± 0.01 0.478
Niacin (mg/1,000 kcal) 6.48 ± 0.12 6.56 ± 0.10 6.66 ± 0.09 6.54 ± 0.11 6.60 ± 0.06 0.634
Vitamin C (mg/1,000 kcal) 37.55 ± 2.34 40.98 ± 2.16 39.50 ± 2.50 37.36 ± 1.98 39.52 ± 1.22 0.588
Values are expressed as means ± SE. All the estimates were produced by complex sample analysis, using integrated sample weight, to represent the Korean 
population adjusted for age and sex.
P-values were calculated using a general linear model.
**P < 0.01, Dunnett’s test was performed for comparisons between the two groups (reference: 7–7.9 h).

Table 4. KHEI of the participants according to sleep duration category
Variables Sleep duration Total (n = 2,934) P-value

< 6 h (n = 497) 6–6.9 h (n = 847) 7–7.9 h (n = 941) ≥ 8 h (n = 649)
Total KHEI score (0–100) 58.95 ± 0.64*** 61.14 ± 0.45* 62.65 ± 0.43 60.98 ± 0.53* 61.14 ± 0.28 < 0.001
Component of KHEI score

Adequacy 29.36 ± 0.51*** 31.16 ± 0.38* 32.30 ± 0.36 30.49 ± 0.50** 31.04 ± 0.25 < 0.001
Have breakfast (0–10) 6.50 ± 0.22*** 7.28 ± 0.16 7.39 ± 0.14 6.95 ± 0.19 7.01 ± 0.10 0.002
Mixed grains intake (0–5) 1.90 ± 0.10 1.90 ± 0.07 2.02 ± 0.08 1.95 ± 0.10 1.92 ± 0.05 0.723
Total fruits intake (0–5) 2.10 ± 0.11 2.31 ± 0.08 2.27 ± 0.08 2.22 ± 0.09 2.27 ± 0.05 0.448
Fresh fruits intake (0–5) 2.27 ± 0.12 2.56 ± 0.09 2.59 ± 0.09 2.52 ± 010 2.54 ± 0.05 0.190
Total vegetable intake (0–5) 3.58 ± 0.08 3.63 ± 0.06 3.69 ± 0.05 3.50 ± 0.07 3.57 ± 0.03 0.129
Vegetable intake excluding Kimchi and pickled 
vegetables intake (0–5)

3.22 ± 0.09 3.29 ± 0.07 3.41 ± 0.06 3.16 ± 0.07 3.27 ± 0.04 0.058

Meat, fish, eggs, and beans intake (0–10) 6.84 ± 0.16*** 7.15 ± 0.11* 7.50 ± 0.10 7.14 ± 0.14* 7.21 ± 0.06 0.003
Milk and milk products intake (0–10) 2.94 ± 0.20 3.04 ± 0.19 3.44 ± 0.17 3.06 ± 0.22 3.24 ± 0.10 0.161

Moderation 19.88 ± 0.30 20.11 ± 0.21 20.19 ± 0.23 20.42 ± 0.26 20.13 ± 0.14 0.591
Sodium intake (0–10) 6.96 ± 0.15 6.96 ± 0.12 6.74 ± 0.11 6.91 ± 0.15 6.98 ± 0.07 0.475
Percentage of energy from saturated fatty acid (0–10) 6.88 ± 0.22 6.96 ± 0.15 7.01 ± 0.16 7.37 ± 0.16 6.97 ± 0.09 0.214
Percentage of energy from sweets and beverages (0–10) 6.04 ± 0.19 6.19 ± 0.15 6.45 ± 0.13 6.14 ± 0.17 6.18 ± 0.09 0.208

Energy balance 9.75 ± 0.24 9.88 ± 0.18 10.15 ± 0.15 10.07 ± 0.19 9.97 ± 0.09 0.406
Percentage of energy from carbohydrate (0–5) 2.85 ± 0.11 2.89 ± 0.09 2.94 ± 0.07 2.92 ± 0.09 2.91 ± 0.05 0.900
Percentage of energy intake from fat (0–5) 3.70 ± 0.09 3.65 ± 0.08 3.83 ± 0.07 3.79 ± 0.08 3.74 ± 0.04 0.249
Energy intake (0–5) 3.19 ± 0.12 3.33 ± 0.08 3.38 ± 0.08 3.36 ± 0.09 3.32 ± 0.04 0.602

Values are expressed as means ± SE. All the estimates were produced by complex sample analysis, using integrated sample weight, to represent the Korean 
population adjusted for age and sex.
P-values were calculated using a general linear model.
KHEI, Korean Healthy Eating Index.
*P < 0.05, **P < 0.01, ***P < 0.001, Dunnett’s test was performed for comparisons between the two groups (reference: 7–7.9 h).



group (7–7.9 h). In Model 1, which adjusted for age and sex, the OR for prediabetes was 1.594 
(95% CI, 1.187–2.140; P < 0.01) for the < 6 h group and 1.370 (95% CI, 1.109–1.692; P < 0.01) 
for the 6–6.9 h group. These associations remained significant after further adjustments 
for socioeconomic factors, BMI, and total energy intake in Model 2, and when additionally 
adjusted for the KHEI score in Model 3, the ORs were 1.447 (95% CI, 1.062–1.970; P < 0.05) 
and 1.312 (95% CI, 1.050–1.640; P < 0.05) for the < 6 h and 6–6.9 h groups, respectively.

In the sex-specific analyses, men who slept 6–6.9 h had a significantly higher risk of 
prediabetes in Model 1 (OR, 1.499; 95% CI, 1.045–2.150; P < 0.05), although this association 
was not significant in Models 2 and 3. In women, those who slept < 6 h had a significantly 
higher risk of prediabetes across all models, with the strongest association observed in Model 
1 (OR, 1.617; 95% CI, 1.141–2.290; P < 0.01), which remained significant in Model 2 (OR, 
1.567; 95% CI, 1.092–2.248; P < 0.05) and Model 3 (OR, 1.515; 95% CI, 1.059–2.166; P < 0.05).

All the participants in the lowest KHEI quintile (Q1) had a significantly higher risk of 
prediabetes compared with those in the highest quintile (Q5) in Model 1 (OR, 1.351; 95% CI, 
1.036–1.761; P < 0.05). However, after adjusting for additional factors in Models 2 and 3, this 
association was no longer statistically significant. In the sex-specific analyses, the association 
was stronger in women. Women in KHEI Q1 had a significantly higher risk of prediabetes 
than that had by those in Q5 across all models (Model 1: OR, 1.535; 95% CI, 1.107–2.127; P 
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Table 5. Odds ratios for prediabetes by sleep duration category and the quintile of KHEI score
Variables Model 1 Model 2 Model 3
Sleep duration

Total
< 6 h 1.594 (1.187–2.140)** 1.469 (1.076–2.004)* 1.447 (1.062–1.970)*

6–6.9 h 1.370 (1.109–1.692)** 1.321 (1.057–1.651)* 1.312 (1.050–1.640)*

7–7.9 h (Ref.) 1 1 1
≥ 8 h 1.119 (0.875–1.430) 1.154 (0.899–1.483) 1.146 (0.892–1.474)

Men
< 6 h 1.492 (0.974–2.284) 1.380 (0.878–2.170) 1.375 (0.875–2.160)
6–6.9 h 1.499 (1.045–2.150)* 1.381 (0.947–2.012) 1.377 (0.945–2.007)
7–7.9 h (Ref.) 1 1 1
≥ 8 h 1.043 (0.702–1.550) 1.006 (0.663–1.528) 1.005 (0.662–1.526)

Women
< 6 h 1.617 (1.141–2.290)** 1.567 (1.092–2.248)* 1.515 (1.059–2.166)*

6–6.9 h 1.265 (0.956–1.674) 1.228 (0.916–1.647) 1.213 (0.904–1.627)
7–7.9 h (Ref.) 1 1 1
≥ 8 h 1.231 (0.911–1.663) 1.322 (0.967–1.808) 1.300 (0.950–1.779)

Quintile of KHEI score
Total

Q5 (Ref.) 1 1 1
Q1 1.351 (1.036–1.761)* 1.266 (0.946–1.693) 1.253 (0.935–1.679)

Men
Q5 (Ref.) 1 1 1
Q1 1.215 (0.761–1.941) 1.145 (0.687–1.908) 1.130 (0.674–1.895)

Women
Q5 (Ref.) 1 1 1
Q1 1.535 (1.107–2.127)* 1.508 (1.062–2.141)* 1.471 (1.034–2.093)*

Values are expressed as odds ratio (95% confidence interval).
Prediabetes: Fasting blood glucose between 100 to 125 mg/dL or 5.7% ≤ HbA1c ≤ 6.4%.
Model 1: Adjusted for age and sex of the total participants or age in both men and women; Model 2: Model 1 + 
adjusted for household income level, education level, occupation level, stress recognition, body mass index, 
and total energy intake; Model 3: Model 2 + adjusted for the KHEI score in the sleep duration category or sleep 
duration level in the quintile of the KHEI score.
KHEI, Korean Healthy Eating Index; HbA1c, glycated hemoglobin.
*P < 0.05, **P < 0.01.



< 0.05; Model 2: OR, 1.508; 95% CI, 1.062–2.141; P < 0.05; and Model 3: OR, 1.471; 95% CI, 
1.034–2.093; P < 0.05). No significant association was found in men across any models.

Association of the KHEI score by sleep duration with prediabetes prevalence
Table 6 presents the ORs for prediabetes according to the quintile of the KHEI score, 
stratified by sleep duration categories. In the total participants, those in the KHEI Q1 who 
slept 7–7.9 h had a significantly higher risk of prediabetes than that had by those in the KHEI 
Q5 (Model 1: OR, 1.775; 95% CI, 1.072–2.939; P < 0.05; Model 2: OR, 1.731; 95% CI, 1.040–
2.882; P < 0.05). This association was not significant in participants with sleep durations of < 
6 h, 6–6.9 h, or ≥ 8 h.

In the sex-specific analyses, women in the KHEI Q1 who slept < 6 h had a significantly higher 
risk of prediabetes than that had by those in the KHEI Q5 in Model 1 (OR, 2.601; 95% CI, 
1.012–6.687; P < 0.05). This association remained significant in Model 2 after adjusting for 
additional factors (OR, 3.699; 95% CI, 1.240–11.040; P < 0.05). However, no significant 
associations between KHEI quintiles and prediabetes risk were observed in women who slept 
6–6.9 h, 7–7.9 h, or ≥ 8 h or in men across the sleep duration category.

DISCUSSION

Using secondary data, we examined the relationship between diabetes indicators according 
to sleep duration and diet quality assessed using the KHEI among middle-aged adults aged 
40–64 yrs and individuals with normal blood glucose levels or prediabetes, excluding those 
diagnosed with diabetes. The results revealed that women had longer sleep duration than 
that had by men, and there were differences in general characteristics such as income level, 
education, obesity, and perceived stress levels across sleep duration groups. In our analysis, 
participants in the 7–7.9 h sleep duration group was the reference group. Individuals in the 
short sleep duration group exhibited significantly higher blood glucose and HbA1c levels 
and significantly lower energy intake and diet quality, as measured by the KHEI score. We 
also analyzed the associations between sleep duration, KHEI scores, and prediabetes. The 
results showed that participants with adequate sleep duration (approximately 7–7.9 h) and 
higher KHEI scores had a significantly lower risk of prediabetes than that had by those with 
inadequate sleep duration and lower KHEI scores. In particular, the risk of prediabetes in 
women was higher when sleep duration was less than 6 h and the KHEI score was low.
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Table 6. Odds ratios for prediabetes according to the quintile of the KHEI score by sleep duration category
Quintile of KHEI score Sleep duration

< 6 h 6–6.9 h 7–7.9 h ≥ 8 h
Total, Q1 vs. Q5 (Ref.)

Model 1 1.822 (0.849–3.906) 0.904 (0.544–1.502)1.775 (1.072–2.939)* 1.197 (0.690–2.078)
Model 2 1.369 (0.563–3.330) 0.696 (0.382–1.267)1.731 (1.040–2.882)* 1.067 (0.568–2.007)

Men, Q1 vs. Q5 (Ref.)
Model 1 1.006 (0.318–3.179) 1.036 (0.456–2.353)1.828 (0.774–4.319) 1.008 (0.368–2.762)
Model 2 0.723 (0.188–2.776) 0.771 (0.271–2.196)2.110 (0.840–5.299) 1.604 (0.429–5.997)

Women, Q1 vs. Q5 (Ref.)
Model 1 2.601 (1.012–6.687)* 1.095 (0.578–2.076)1.560 (0.848–2.872) 1.315 (0.649–2.667)
Model 2 3.699 (1.240–11.040)* 0.959 (0.438–2.098)1.490 (0.792–2.804) 0.906 (0.401–2.047)

Values are expressed as odds ratio (95% confidence interval).
Prediabetes: Fasting blood glucose between 100 to 125 mg/dL or 5.7% ≤ HbA1c ≤ 6.4%.
Model 1: Adjusted for age and sex of the total participants or age in both men and women; Model 2: Model 
1+adjusted for household income level, education level, occupation level, stress recognition, body mass index, 
and total energy intake.*P < 0.05.



The average sleep duration for men and women in our study was 6.50 ± 0.04 h and 6.64 ± 
0.03 h, respectively, with women having a significantly higher average sleep duration than 
that had by men (not shown in the table). This is consistent with previous studies that 
reported significant differences in sleep duration according to sex [32,33]. In this study, 
general characteristics such as the degree of obesity, income level, occupation, and perceived 
stress levels differed across the sleep duration groups. Sleep duration is closely associated 
with obesity, as short sleep duration induces changes in hormones such as leptin and ghrelin, 
which regulate appetite and contribute to increased appetite and food intake [3,19]. Short 
sleep duration has been reported to have a significant positive correlation with low income 
[34-36]. This is because low-income individuals are mostly blue-collar workers, which may 
lead to irregular working rhythms and long working hours [37]. Additionally, increased 
sleep duration was significantly associated with perceived stress levels. Sleep restriction 
results in increased sleepiness, fatigue, and stress, with a significant increase in cortisol and 
thyrotropin levels [38]. This supports the finding that perceived stress levels were higher in 
the short sleep duration group than in the other groups.

Therefore, it is difficult to draw general conclusions regarding the relationship between sleep 
duration and energy intake. Some studies have demonstrated an association between short 
sleep duration and increased caloric consumption [39,40]; however, another study conducted 
on adults in Switzerland with an average age of 58.3 yrs found no significant association 
between energy intake and sleep duration [41]. Conversely, a study performed on adult 
women in China showed a significant positive association between sleep duration and total 
energy intake [42]. In this study, compared with the reference group of 7–7.9 h sleep duration, 
both the group with < 6 h and 6–6.9 h sleep durations had significantly lower energy intake. 
Regression analysis of sleep duration and energy intake adjusted for age and sex (not shown) 
revealed a significant positive association. A potential mechanism by which inadequate 
sleep may increase food intake involves changes such as the elevation of key appetite 
hormones (e.g., leptin, ghrelin, and cortisol). However, several experimental studies on ad 
libitum feeding under free-living conditions have reported inconsistent changes in appetite 
hormones [43,44]. More in-depth and detailed research on the positive association between 
sleep duration and total energy intake observed in the current study is clearly needed.

Consuming a balanced diet provides the body with all the necessary nutrients for daily living. A 
proper diet is a balanced diet that does not have an excess or a deficiency of specific nutrients 
and includes adequate micronutrient intake. Therefore, to improve diet quality, it is important 
to consume a variety of foods containing essential nutrients in sufficient amounts. Moreover, 
breakfast is a primary source of energy for daily activities and is associated with the regulation 
of circadian rhythms [45]. However, because of busy schedules, the frequency of breakfast 
consumption has been decreasing in modern diets. As of 2022, the prevalence of skipping 
breakfast among Korean adults aged 19 yrs and older was 37.8%, showing an increasing trend 
compared with 24.6% in 2012 [10]. According to a study by Kant and Graubard [46] conducted 
in adults aged 20 yrs and older, the total number of eating episodes and snack frequency were 
not related to sleep duration, whereas short sleepers tended to have lower food intake during 
breakfast and dinner. Skipping breakfast may disrupt the circadian rhythm, and fasting until 
noon, followed by the lack of glucose intake, may trigger an increased risk of insulin resistance, 
leading to decreased beta-cell responsiveness and memory, and decreased and delayed 
insulin response after lunch [47,48]. These findings demonstrate that decreasing breakfast 
consumption and skipping breakfast, induced by short sleep periods, may pose a greater risk of 
prediabetes; therefore, eating healthy breakfast should be encouraged.
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Epidemiological studies have described a significant relationship between short sleep 
duration and poor dietary quality [49,50]. According to Grandner et al. [51], compared with 
those who sleep for 7–8 h, individuals with shorter sleep durations tend to consume a smaller 
variety of foods. Moreover, Kant and Graubard [46] reported that individuals with short or 
long sleep duration had a significantly lower proportion of energy intake from proteins than 
that of normal-duration sleepers. In our study, compared with the 7–7.9 h sleep group, the 
short- and long-sleep duration groups had significantly lower scores for meat, fish, eggs, 
and beans. This result is consistent with previous reports [52,53] that showed an association 
of better sleep quality with frequent consumption of meat, eggs, and other similar foods, 
attributing to the positive effects of protein, zinc, omega-3 fatty acids, and other nutrients 
found in these food groups on sleep outcomes. However, we did not find a significant 
relationship between vegetable and fruit consumption and the amount of sleep reported in 
this study. Therefore, the relationship between fruit and vegetable consumption and sleep 
duration is yet to be elucidated [8,42]. Nevertheless, considering previous research on the 
positive impact of fruit and vegetable consumption on glycemic control in patients with type 
2 diabetes patients [54], the effects of fruit and vegetable intake on blood glucose levels and 
insulin resistance among short sleepers require further investigation.

There has been insufficient study directly addressing the mechanism of the relationship 
between sleep duration and diet on prediabetes. This is because diets can affect sleep quality 
and sleep duration, but can also affect food choices depending on factors related to sleep, 
and the relationship between the 2 can be affected by sex, socioeconomic factors, and 
psychological factors [21,22,55,56]. Recently, Zhang et al. [22] reported in a study of patients 
with diabetes that sleep disorder and unhealthy eating habits can lead to the occurrence and 
development of diabetes, but also showed that BMI can act as an intermediate factor. In this 
study, the risk of prediabetes was significantly higher when the KHEI score was low even with 
an appropriate sleep time of 7–7.9 h in the total participants, and in the results of sex-specific 
analyses, the risk of prediabetes was significantly higher in women when the sleep duration 
was less than 6 h and the KHEI score was low. Although fully interpreting the results of this 
study based on prior studies is difficult, these findings will be helpful in analyzing the effects 
of sleep and diet on diabetes in more details in the future.

This study has several limitations. First, the cross-sectional nature of the data used in this 
study precludes causal inferences. Second, except for sleep duration as an independent 
variable, other sleep measurements, including sleep efficiency, sleep latency, and wake after 
sleep onset were not considered in this study. Future studies analyzing the relationship 
between diet quality and chronic diseases using indicators other than sleep duration are 
needed. We were also unable to discuss the effects of hormones such as leptin and ghrelin on 
sleep and dietary intake. In addition, the KHEI used in this study is calculated from dietary 
data examined using the 24-h recall method, but this method is limited by its difficulty to 
sufficiently reflect an individual’s usual intake.

Despite these limitations, this is the first study to analyze the impact of sleep duration 
and dietary quality on prediabetes in Koreans. Our findings, using the KHEI developed 
considering the Korean diet and composed of items related to food group intake, provide 
baseline data for dietary guidelines for diabetes prevention. In addition, this study excluded 
individuals already diagnosed with diabetes among the study participants. We aimed to 
identify significant factors related to sleep duration and diet quality in the prediabetic stage 
from a prevention perspective.
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In conclusion, this study showed a significant negative correlation between the KHEI score 
and risk of prediabetes in the 7–7.9 h sleep duration group among middle-aged Koreans. Our 
findings suggest that achieving the sleep duration of 7–-7.9 h and good diet are associated 
with the lowest risk of prediabetes. We recommend that the results of this study be used to 
educate adults aged 40–64 yrs on diet and lifestyle habits to prevent diabetes. Further in-
depth studies investigating the effects of various sleep-related indicators and diet quality on 
the risk of chronic diseases are required.
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